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that these waves can rupture cells ang cell structures. From the effect of
ultrasound waves, red blood corpuscles, erythrocytes, leucocytes, epithelial
cells, liver cells, and other cells suspended in a piysiological salt solution
are destroyed. As a result of the action of ultrasound waves, almost all
microorganisms perish, including pathogenic ang nenpathogenic vicroorganisms,
aerobic and anaercbic bacteria, bacteria which are located individually as wel)
a8 in pairs or in chaing, cocci, etc.

A more detailed check on the effects can be obtained by observation under
an electronmicroscope. It has been shown tlat yeast cells are destroyed by
the action of ultrasound waves, Tuberculosis bacilli, which are resistant to }
many physical ager*s, are also sub jected to mechanical rupture in an ultra- .
sound fielqd.

Ultrasound waves aleo destroy viruses. The manner in which the outer
covering of cells is ruptured veries, depending on the structure of thisg
covering. In scme cases, the covering is torn into individual szall particles;
in other cases, defects are produceqd in the coverin;, uzinly holes through
which the contents of the cells penetrate into the surrounding medium. ‘

) The question arises 2s to whether 2ll microorcanisms and animal and plant i
) cells perish inmediately alter the liquid in which they are present is exposed )

. to ultrasound waves. Experiments shew that e considerable length of time is
’ necessary for complete sterilization of the ligquid.

Cf importance in %his connection are the bioclogical characteristics of
the objects treated, which determine their sensitivity to ultrasound.
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The action of ultrasound elso depends on the number of cells being irradiated.
When the suspension of bacteria is highly concentrated, the action of ultra-

sound waves is less effective. The same relationship is found in connection

with the hemolizing effect of ultrasound; disintesration of red blood COrpuse

cles at high concentrations(one million corpuscles per cubic millimeter) takes

place very slowly. On the ot* hand, at lower concentrations (20,000 - 160,000

red blood corpuscles per cubic millimeter) almost all erythrocytes are destroyed

within a very short time, Naturally, this effect also depends, to a ccnsiderable
extent, on the intensity sf irradiation,

In addition, it should be emphasized that when an individval cell is
ruptured in an ultrasound field, this rupture cr destructicn almost alvays
takes place instantaneously, in other words, in less than 1/1,000th of a secon.
Under such conditions, the contents of the cell pass into the surrounding me-
dbm before any destructive effect on the medium has been produced by the ultra-
sound waves. In this manner, biolozically active substances which are contained
in the cells -- vitemins, enzymes, toxins, etc., -- are extracted. Thus, it
has been possible to extract from Proteus vulgeris a number f enzymes which
bring about oxidation of naturally occurrin; amino acids, such as lencine,
tryptophan, tyrosine, and others.

Frem a cultwre of Cl. histolyticum, the enzyme desaminase was extracted.
This enzyme acts on aspartic acid, transforming it into sueccinic acid. Using
ultrasound waves, it was possible to extract from Turpurezl bacteria the
pigment called “ecterinchlorophyll, =€ well 2g ccupgounds of the carotencid
class.(1) In ccllaboraticn with A. P. Sheynker . we succeeded in extracting
; the endotoxin from whooping cough bacilli.(2) hils endotoxin, on standing,
N : lest its toxic properties bnt retained its iLwuncgenic properties.

. It is necessary to ncte that the extraction of the substances mentioned
. by means of an ultrasound field, tzkes place witheut the necessity of the
eddition of chemicals, at a relatively low temperature, and under strictly
. sterile conditions. However, further investigcetions showed that on longer
it exposure to irradiaticn with ultrasound waves, bilologically active substances
i are usually subjected to destructinn aftey they have been extracted frem
. the cells as a result of the action of ultrascund waves. More detailed in-
o vestigation of this phencrenon Lrought out scme interesting facts. It wacz
. established that as a result of the action o ultrasound waves, processes take
place which under ordinary conditions are produced by specific cotalysts ann
. enzymes or which oceur cs the result of the addition of strongly acting
L, chemical agents. Thus, in the ultrascund field. disruptien of protein par-
ticles is observed. As a result of the action of ultrusound waves, amino
acids, which enter into ihe composition of protein molecules, are alsc de- “
stroyed. At the same tive, f:rmotion of aspartic acid as a result of the i
destruction of histidine was observed.

a6 o result of the acticn o0 witrasound waves, isuclelc ucids are split,

Furthermore, the commonents of mucleic acid, namely vurine and pyrimidine
bases, ore also stbjected %o Tissiom. As a result of the gction nf ultra-
o sound waves, there is alse ficsion of other cempler nelecules.  imonz these

’ are Iyaluronic and chendreitin orlfurie acids, wkich commonly <ceur in con-
~ective tissues and in liquld c itients or the tnimal oroaniswm in seneral,
These substances are of considerable importance in physiological precesses.
e may conclude thnt these acids cre decemposed ag a result of che reduction
of the relative viscosity of their aqueous solutions efter the solutions have

et

e ‘ " been subjected to the acticn of ultrascund wuves .(3) It is widely assumed

BN that bile pigments (bilirubin and biliverdin) arc formed in the orsenism as
N the resnlt of the decouwvcsition of protoporphyrins. Hovever, it has been im-

RS poscible up torowio reprodnce a decomposition of' protoperphyrin in the lab-

oratory. The process could be carried out, hovever, by exposing an aqueous
solutlon of protoporphyrin IX to ultrasound waves. In the solution that had
been irradiated, bilirubin, biliverdin, and individual pyrrcles were found.(l)
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Injury of the central nervous system was observed when the thoracic and
1vubar regions ¢f the spinal cord of animals were exposed to the action of
ultrasound waves. These experiments were carried out on mice, rats, and other
animals. The injuries resulted in a loss of sensibility and in disturbances
of the motor function of the hingd extremities. Microscopic examinetion of the
regions of the spinal cord that had been affected indicated disintegration of
nerve cells, while the supporting tissue remained uninjured.

Injury of nerve cells and of other tissue elements was also observed when
focusing lenses were used. By means of the focusing lenses it was possible to
concentrate the energy furnished by the ultrasound waves at a definite depth
and direct the narrow bundle of waves towards 2 limited region of some ine-
ternal organ. This technigne opens new possibilities for the utilization of
ultrasound in the solution of a number of problems in the fields of biology
and pathological physiology.(10)

Less thoroughly investigated were the reactions of the organism to ultra-
sound waves of low intensity, i.e., under conditions where & direct injury of
animal tissues is not observed. This means that the so-called therapeutic in-
tensity of ultrasocund has not yet been defincd on the besis of physiological
and pathophysiological experiments, Nevertheless, numerous publications exist
on the problem af ultrasound therapy. There are indications that therapeutic
effects can be achieved by applying ultrasound waves in verious -disesses of :
internal organs of the cardiovascular system, of peripheral nerves, of Jjoints, !
and of muscle tissue,

As shown above, ultrasound waves have rapidly found applicetion in biology
&nd medicine. Their importance in practical and theoretical micreobiology can-
nct be doubted. Without question, the application of ultrasound techniques will
£ind useful application in physiology and pathophysiclogy. The experience in
investigating the biological effects of ultrasound waves will form a definite
. basis for further useful expansion of research in this field of science, which
A has not yet been adequately developed.
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